Isotopic labels are widely used to trace the fate and cycling of common environmental contaminants. Many of the labeled materials are not available commercially and, depending on the complexity of the substance, the label and the enrichment level, custom syntheses are costly. A simple, straightforward, and cost effective method for the preparation of a highly enriched, 
Introduction
Iron cyanide contamination in the environment is primarily of anthropogenic origin. One of the greatest iron cyanide sources are the sites of former manufactured gas plants and coke ovens, existing in a high number (>8700) in Europe and the United States (Wehrer, Rennert, Mansfeldt & Totsche 2011) . Due to their high stability and complex behavior, iron cyanides might both be very persistent (Meeussen, Keizer, van Riemsdijk & de Haan 1992) or migrate from one environmental compartment to another (Meeussen, van Riemsdijk & van der Zee 1995; Theis, Young, Huang & Knutsen 1994) and pose serious wildlife and human health risks by releasing toxic free cyanide (Kjeldsen 1999) . To better understand and predict the complex behavior of contaminants, isotopic tracers have increasingly been applied in the past decades, including in studies on biodegradation and detoxification of simple and complexed cyanide species within plant tissue (Ebbs, Bushey, Poston, Kosma, Samiotakis & Dzombak 2003; Ebbs, Piccinin, Goodger, Kolev, Woodrow & Baker 2008; Ebbs, Kosma, Nielson, Machingura, Baker & Woodrow 2010; Ebel, Evangelou & Schaeffer 2007; Samiotakis & Ebbs 2004 ). Yet, labeled complexed (including iron) cyanides are not commercially available and custom label costs are rather high, which might cause extensive study limitations. Therefore, a novel procedure has been developed for the synthesis of potassium ferrocyanide (K 4 [Fe(CN) 6 ]), incorporating the stable 15 N isotope of nitrogen. There exist a few K 4 [Fe(CN) 6 ] synthesis methods described so far, incorporating a 57 Fe complex label and intended for Mössbauer spectroscopy studies (Jaskula & Petlicki 1978; Ganguli, Das & Bhattacharya 1998) . However, including a 57 Fe label in the complex requires several preparation steps, special laboratory conditions, and consumables. The synthesis method described in this paper is simple, straightforward, effective and can be conducted under standard laboratory conditions. Qualitative and quantitative analyses of the product showed that it is entirely identical in its functional and elemental components and 15 N enrichment to commercial products. This is the first summary of such a synthesis procedure. It saves time and costs, thus facilitating further research on the fate of iron (complex) cyanides in the environment. Particularly the low costs and the high yield allow for the application of the product in large scale studies or even directly under real field conditions. Both have so far not been possible. 
Results and Discussion

Fundamental Vibrational Modes
The comparison of the synthesized and the commercial ferrocyanide complexes showed slight but not fundamental differences in the vibrational modes of the two substances. (Figure 2 b) . In spite of the differences in the main vibrational band of the two potassium ferrocyanide substances, they both possessed the fundamental vibrational modes of the ferrocyanide ion. Hence, it could be concluded that the two products are qualitatively identical.
The single, very strong vibrational band at 2116 cm -1 in the spectrum of the commercial potassium ferricyanide Figure 2 c is characteristic for the ferricyanide ([Fe III (CN) 6 ] 3-) ion (Klyuev, 1965; Miller & Wilkins, 1952 ) and was not observed in the two potassium ferrocyanide spectra. Hence, oxidation of the ferrous to ferric iron during the synthesis was not likely to have taken place and the presence of ferricyanide (Fe III -C≡N) as an impurity could be excluded in both products due to the lack of the characteristic band at 2100-2120 cm -1 (Figure 2 a, b) .
The spectrum in Figure 2 d was used as a reference to identify the presence of unreacted KC 15 N in the synthesized product. The absence of the 2077 cm -1 band in the spectrum in Figure 2 a and the very low levels of weak acid dissociable CN measured in the synthesized product (Table 1) were evident for the absence of KC 15 N in the synthesized product. These results indicate that the commercial and the synthesized labeled potassium ferrocyanide are qualitatively identical. Table 1 show the calculated maximum concentration and total mass of Cl¯ ions, which could theoretically be present in the standard solution, provided the KCl separation from the final product in the last steps of the synthesis was incomplete.
CN and Elemental Components
The measured concentrations and masses of the elements compiling the synthesized and commercial potassium ferrocyanide substances are shown in parentheses in Table 1 . Although the measured total CN concentrations deviate from the set concentrations, the concentrations measured in the commercial and the synthesized products are identical. The mass of weak acid dissociable cyanide in the synthesized product is only slightly higher than that of the commercial product and thus comparable to it. The iron and potassium concentrations and masses in the standard solutions do not deviate much from the set values and are in the correct stoichiometric relation to the measured CN levels.
The actual Cl¯ content of the synthesized product was with ~1.6 mg less than the theoretical content (Table 1) , which would have been measured, provided incomplete separation of the target product (K 4 [Fe(C 15 N) 6 ]) from the by-product (KCl) has taken place. Thus, the presence of high levels of Cl¯ impurity in the synthesized product could be excluded. The above-described results showed that although not of high chemical purity and with small deviations, the synthesized 15 N-labeled potassium ferrocyanide is quantitatively identical in its elemental components to commercial potassium ferrocyanide. Overall, the results from the qualitative and quantitative analyses of the synthesized potassium ferrocyanide showed that with small deviations, the product was, regarding its functional and elemental components, identical to the commercial potassium ferrocyanide and regarding its 15 N enrichment, identical to the KC 15 N used for its synthesis.
15 N Enrichment
Conclusions
The above described synthesis method is simple, straightforward, effective and does not require special laboratory conditions, equipment or consumables. Nevertheless, it delivers a product, qualitatively and quantitatively comparable to commercial ones. In addition, the high custom costs for the label can greatly be reduced. To trace their behavior and fate in different environmental compartments, further labeled metal and/or iron cyanide species can be synthesized in similar manner to better facilitate cyanide contamination-related research.
